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QUANTUM-DOT SPECTROMETERSFOR USE IN BIOMEDICAL DEVICESAND
METHODS OF USE

BACKGROUND OF THE INVENTION

1. Field of the Invention
Quantum-dot spectrometers for use in biomedicaicgs\are described herein. In
some exemplary embodiments, the devices’ functipnialvolves collecting biometric

information to perform personalized bioanalysistfar user of the device.

2. Discussion of the Related Art

Recently, the number of medical devices and theictionality has begun to rapidly
develop. These medical devices may include, fomgta@, implantable pacemakers,
electronic pills for monitoring and/or testing aloigical function, surgical devices with
active components, contact lenses, infusion puanus$ neurostimulators. These devices are
often exposed to and interact with biological ahdmical systems making the devices
optimal tools for collecting, storing, and distrilmg biometric data.

Some medical devices may include components sustragonductor devices that
perform a variety of functions including biometdallection, and may be incorporated into
many biocompatible and/or implantable devices. Sgrhiconductor components require
energy and, thus, energization elements must asoduded in such biocompatible devices.
The addition of self-contained energy in a biomabitevice capable of collecting biometric
information would enable the device to perform peedized biometric analysis for the user
of the device.

One aspect of biometric information collection fasused on the ability to pair an
analyte to a corresponding enzyme such as glucogle¢ose oxidase for the detection of
glucose in a fluid medium. Another aspect of biamehformation collection may focus on
the use of light where a light source shines lthhbugh a medium which is in turn collected
by a detector and analyzed for the amount of ldsiorbed, similar to a spectrometer.
Spectrometers are widely used in physical, chemacal biological research; however,
current micro-spectrometer designs mostly usefertence filters and interferometric optics

that limit their photon efficiency, resolution, asgectral range. Nevertheless, the
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miniaturization possible with the development afteiques and reagents that utilize
guantum-dots in supporting the acquisition of spstopic data may allow for significant
advances in the ability of biomedical devices tasgechemical states of their environments.
A quantum-dot (QD) is a nhanocrystal commonly mafdgemiconductor materials.
When crystals are “nano-sized” they become smalligh to exhibit quantum mechanical
properties. Technologies around QDs exploit thismgum mechanical behavior to result in
interesting optical properties for the QDs. Theref novel devices for biomedical purposes

for the use of quantum-dots and for quantum-dottspmetry may be useful.

SUMMARY OF THE INVENTION

Accordingly, devices and methods for the use oE@B emission sources, filters,

dyes and as narrow and broadband spectrometersiopowered biomedical devices may
enable the powered biomedical devices to spedyieald accurately detect analytes on or in
the body of a user. Quantum-dots are extremelylsntties that can be manufactured with
high levels of consistency and purity. Since tharqum-dot manufacturing process may be
tuned to different sizes and materials a nearlitrarly amount of frequencies may be tuned
for the spectral response from a type of QD. Asssion sources, therefore, fine line
fluorescence sources may be formed from the elaitaf QDs with their resultant high
yield fluorescence emission. For the use of QDEtass, a tunable transmission response
may be obtained. Therefore, it may be easy taegzectrometers comprising hundreds of
unique and tuned spectral filters to create thepeative of broadband spectroscopy. Still
further spectral relevance of QDs may arise froenféttt that individual QDs may have
molecules that bind to the surface and quench thirescence. These quenching
molecules may be selected and designed to bindaiytas and in so doing decouple from
the QD that they are quenching, resulting in seuesftuorescence probes for analyte study.
One general aspect includes forming a biomedieaice including an energization
element including a first and second current ctdie@ cathode an anode and an electrolyte.
The biomedical device may also comprise a quantansjectrometer which may include a
guantum-dot light emitter, a photodetector, andeams of communicating information from
the quantum-dot spectrometer to a user. The quadtt spectrometer is powered by the

energization element. The biomedical device mag aiclude an insert device. This insert
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device may contain the energization element andtla@tum-dot spectrometer. The insert
device creates an encapsulation that isolatesrgieation elements from the biomedical
environment that this biomedical device operateahiwi

The biomedical device may further comprise a mitumic pump. The micro-
fluidic pump functions to bring a sample of flumstards or away from the quantum-dot
spectrometer when the spectrometer is used foysiralln some examples the biomedical
device may be an ophthalmic device. In some exasriple biomedical device may be a
contact lens. In some examples the biomedicalcéaviay be an electronic pill.

Implementations may include a method of analyainglytes. The method may
include fabricating a quantum-dot light emitteroirst biomedical device. As well, a
photodetector may be included into a biomedicalaevThe method may include
connecting the quantum-dot emitter and photodetéatan integrated circuit controller
where this controller may be capable of directimg functionality of the quantum-dot emitter
and photodetector. The method may further inckrdéting a narrow wavelength band from
the quantum-dot light emitter. The method mayudelreceiving transmitted photons into
the photodetector. In some implements the methaylcontinue with analyzing the
absorbance of an analyte based on the intenspiatbns received. The biomedical device
may comprise an energization element which maydeh first and second current
collector, a cathode, and anode and an electroljgze the spectrometer is powered by the
energization element. The method may further capumping a sample of analytes into
the quantum-dot spectrometer cannel before angyhim analytes. In some
implementations, the method may involve the exampleere the biomedical device is a
contact lens. The method may also involve examplee the biomedical device is an
electronic pill.

One general aspect includes a biomedical devio®wdeing an energization element.
The biomedical device may include an external esgi@pion boundary. The external
encapsulation boundary may include a reentrantycashich creates an external region that
may be generally surrounded by the biomedical @ewicile allowing fluid to flow in and
out from the environment of the biomedical devidée encapsulation layers of the
biomedical device may allow light to pass throuigdn in important spectral bands. The

reentrant channel may be lined by photon emittedsdetectors.
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In some implementations, the biomedical device malpde a quantum-dot light
emitter installed to emit light through one siddlo# sidewall of the cavity through the
intervening space of the cavity. The light mayHer proceed through the opposite or distal
side of the sidewall of the cavity. On the othdesnay be numerous photodetectors
installed within the external encapsulation bougdarhe biomedical device may also
include a radio frequency transceiver and an ar#ébedigital converter. A signal from the
photodetector may be converted by the analog-tiatiigpnverter into a data value that may
be transmitted by the radio frequency transceiheisome examples the biomedical device
may be a contact lens or an electronic pill. laregles of an electronic pill, the pill may also
comprise a release mechanism controllable to relesslicament. The detector may form a
feedback loop for the device and therefore maysadhe amount of medicament dispersed
by the pill.

In some examples of a biomedical device compriaiQ@PD spectrometer, the signal
received at the photodetector may be convertedligital signal and communicated to an
external receiver. This external receiver mayudela processor that may execute an
algorithm which calculates a concentration of aalye and then determines the
concomitant release in medicament that is desifdte external receiver may transmit data
and control signals to the biomedical device.

Implementations may include a biomedical devicéduting an energization element.
The biomedical device may also include an exteznahpsulation boundary wherein at least
a portion of the boundary comprises an electricadigtrolled pore. The pore may be
operative to allow a fluid sample to pass intolif@medical device from an external region.
The biomedical device may also include a microfluggrocessing chip which may mix fluid
samples and reagents. Reagents in the microflpidicessing chip may include analyte
specific dyes. The biomedical device may includpiantum-dot light emitter which may
emit light through a portion of the microfluidicqmessing chip. The device may also
include a photodetector installed on a distal jpmsiof the microfluidic processing chip.

The device may also include a radio frequency trainer. The implement may also include
an analog to digital converter where a signal ftbemphotodetector may be converted to a
digital data value that is transmitted outsideliteemedical device by the radio frequency

transceiver. These examples may include biomedmates which are contact lenses,
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electronic pills and electronic pills capable tlease medicament based on the signal
received at the photodetector.

One general aspect includes a biomedical deviem atectronic pill, where the
electronic pill includes a release mechanism cdlatrte to release a quantum-dot dye into
the cavity, where the dye reacts with analyte mdéscand allows the quantum light emitter
to excite the quantum-dot dye to emit light. Tientedical device also includes an
energization element; an external encapsulatiomdbany, where at least a portion of the
boundary includes an electrically controlled poperative to allow a fluid sample to pass
into the biomedical device from an external reg@microfluidic processing chip operative
to mix the fluid sample with a reagent includingaaralyte specific dye; a quantum-dot light
emitter installed to emit light through a portioihntiee microfluidic processing chip; a
photodetector installed on a distal side of theraiigidic processing chip from the quantum-
dot light emitter, where light emitted by the quantdot light emitter proceeds through a top
surface of the microfluidic processing chip, thrbwgsample analysis region of the
microfluidic processing chip, through a bottom aog of the microfluidic processing chip
and into the photodetector ; a radio frequencysttaiver; and an analog-to-digital converter,
where a signal from the photodetector is convedealdigital data value that is transmitted.
The electronic pill may control its release of nwagnent. The release of medicament may
be adjusted by a controller which acts in respdoseceipt of converted digital data value.

In some examples the biomedical device may cam@iportion that is controllable
to release a quantum-dot dye into the microflupdimcessing chip. The dye may react with
analyte molecules and the reaction may allow trentpm-dot light emitter to excite the
guantum-dots without the presence of quenching coéds which may extinguish the

characteristic emission from the quantum-dots.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features and advantagt®ohvention will be apparent

from the following, more particular descriptionmeferred embodiments of the invention, as

illustrated in the accompanying drawings:
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Figs.1A-1B illustrate exemplary aspects of biocotifg@ energization elements in
concert with the exemplary application of contactses.

Fig. 2 illustrates how a spectral band may be aealyvith quantum-dot based filters.

Fig. 3 illustrates a processor that may be usathptement some embodiments of the
present invention.

Fig. 4 illustrates an exemplary functional struetarodel for a biomedical device for
a Quantum-Dot Spectrometer.

Fig. 5 illustrates an exemplary Quantum-Dot Speséter device.

Fig. 6A illustrates a top view of aaxemplarymulti-piece annular shaped form
insert

Fig. 6B illustrates a first amplified parti@rosssectionalrepresentation dhe
exemplarymulti-pieceannular shaped form insert of FGA.

Fig. 6C illustrates a second amplified partabsssectionalrepresentationf the
exemplarymulti-pieceannular shaped form insert of FGA.

Fig. 7 illustrates a magnified top view partsgdion of the Quantum-dot
Spectrometer Systewmf with an exemplary pumping mechanism as welsaspling
regions and controllingomponents.

Fig. 8 illustrates a top view partial sectionasfexemplary Quantum-dot
Spectrometer System withflaid sample being flowed through the microfluidic anays
component.

Fig. 9illustrates a top view section of aeemplaryQuantum-dot Spectrometer
System component withvaastestorage element

Fig. 10 illustrates a top view section of@emplarypumping mechanism for a
Quantum-dot Spectrometer System using lab on aadmpponent.

Figs. 11 A-C illustrate an exemplary Quantum-Dot Spectremeta biomedical
device

Fig. 12 illustrates an exemplary quantum-dot bdkexmescence dye.

Fig. 13 illustrates an exemplary flow diagram fangle analyte detection
by quantum-dot based spectroscopy.

Fig. 14illustrates exemplary method steps thrtybe used to monitor analyte

levels of a user wearing tloghthalmic lens according to aspects of the presésttlosure.
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Fig. 15illustrates exemplary method steps thetybe used to treat the glucose
levels of a user wearintpe ophthalmic lens according to aspects of the present

disclosure.

DETAILED DESCRIPTION OF THE INVENTION
Spectroscopy utilizing quantum-dots as emission sourcessfdand dyes which may

be used in biomedical devices are disclosed in this applhcatiadhe following sections,
detailed descriptions of various examples are descrilfexld@scriptions are exemplary
embodiments only, and various modifications and alteratoay be apparent to those
skilled in the art. Therefore, the examples do not limit tops of this application.
Quantum-dot based spectrometers for use in biomedicaledeand the structures that
contain them, may be designed for use in devicesasiophthalmic lenses and electronic
pills. In some examples, spectroscopy methods utilizingtqoadots for use in biomedical

devices may be designed for use in, or proximate tdyddg of a living organism.

Glossary
In the description and claims below, various terms mayskd tor which the

following definitions will apply:

"Anode" as used herein refers to an electrode thradmgth electric current flows
into a polarized electrical device. The direction of elecurtent is typically opposite to the
direction of electron flow. In other words, the electrdos/ffrom the anode into, for
example, an electrical circuit.

"Binder" as used herein refers to a polymer that islolgpof exhibiting elastic
responses to mechanical deformations and that is chentgoafigatible with other
energization element components. For example, bindersnoage electroactive materials,
electrolytes, polymers, and the like.

“Biocompatible” as used herein refers to a material or @eiat performs with an
appropriate host response in a specific application. Forgrambiocompatible device does
not have toxic or injurious effects on biological system

"Cathode" as used herein refers to an electrode thnohgih electric current flows

out of a polarized electrical device. The direction oftelecurrent is typically opposite to
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the direction of electron flow. Therefore, the electrons filote the cathode of the polarized
electrical device, and out of, for example, the conneslstrical circuit.

“Coating” as used herein refers to a deposit of materidlimforms. In some uses,
the term will refer to a thin deposit that substantially cottleessurface of a substrate it is
formed upon. In other more specialized uses, the teaynbe used to describe small thin
deposits in smaller regions of the surface.

"Electrode” as used herein may refer to an activesnmathe energy source. For
example, it may include one or both of the anode and datho

"Energized" as used herein refers to the state of lzilegto supply electrical current
or to have electrical energy stored within.

"Energy" as used herein refers to the capacity ofyaipal system to do work. Many
uses of the energization elements may relate to the capébieing able to perform
electrical actions.

"Energy Source" or “Energization Element” or “Energizatidevice” as used herein
refers to any device or layer which is capable of Bupg energy or placing a logical or
electrical device in an energized state. The energizatiomreels may include batteries. The
batteries may be formed from alkaline type cell chemistdyraay be solid-state batteries or
wet cell batteries.

"Fillers" as used herein refer to one or more energizaiement separators that do
not react with either acid or alkaline electrolytes. Generhllgrs may include substantially
water insoluble materials such as carbon black; codj dgiaphite; metal oxides and
hydroxides such as those of silicon, aluminum, calcmagnesium, barium, titanium, iron,
zinc, and tin; metal carbonates such as those of cakighmagnesium; minerals such as
mica, montmorollonite, kaolinite, attapulgite, and talc; sytntheend natural zeolites such as
Portland cement; precipitated metal silicates such as caldigates hollow or solid
polymer or glass microspheres, flakes and fiberstlaadike.

"Functionalized" as used herein refers to making a laydevice able to perform a
function including, for example, energization, activatiamc/or control.

“lonizing Salt” as used herein refers to an ionic stiat will dissolve in a solvent to
produce dissolved ions in solution. In numerous examjtflessolvent may comprise water.
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"Mold" as used herein refers to a rigid or semi-rigiject that may be used to form
three-dimensional objects from uncured formulatiommsn& exemplary molds include two
mold parts that, when opposed to one another, define tletust of a three-dimensional
object.

"Power" as used herein refers to work done or eneeaggferred per unit of time.
"Rechargeable” or "Re-energizable" as used heedén to a capability of being
restored to a state with higher capacity to do work. M@®g umay relate to the capability of
being restored with the ability to flow electrical currena @ertain rate for certain,

reestablished time periods.

"Reenergize" or "Recharge” as used herein refedtoring to a state with higher
capacity to do work. Many uses may relate to restoridgvéce to the capability to flow
electrical current at a certain rate for a certain reeskadalisme period.

"Released" as used herein and sometimes referredrelessed from a mold" means
that a three-dimensional object is either completely sephfiaen the mold, or is only
loosely attached to the mold, so that it may be removedmilthagitation.

"Stacked" as used herein means to place at leastompanent layers in proximity to
each other such that at least a portion of one surfameeodf the layers contacts a first
surface of a second layer. In some examples, a coathegher for adhesion or other
functions, may reside between the two layers that arentact with each other through said
coating.

"Traces" as used herein refer to energization elemem@oamts capable of
connecting together the circuit components. For examptjitciraces may include copper
or gold when the substrate is a printed circuit boardnaawg typically be copper, gold or
printed film in a flexible circuit. A special type of “Traces’the current collector. Current
collectors are traces with electrochemical compatibility thaitenthe current collectors
suitable for use in conducting electrons to and from adeno cathode in the presence of
electrolyte.

The methods and apparatus presented herein relaterimdobiocompatible
energization elements for inclusion within or on flat or thateeensional biocompatible

devices. A patrticular class of energization elements radyakteries that are fabricated in
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layers. The layers may also be classified as laminateslaféattery formed in this manner
may be classified as a laminar battery.

There may be other examples of how to assemble arfjoe batteries according to
the present invention, and some may be described in faljpsections. However, for many
of these examples, there are selected parametecharatteristics of the batteries that may
be described in their own right. In the following sectiswmne characteristics and
parameters will be focused upon.

Recent developments in biomedical devices including,Xample, ophthalmic
lenses, have enabled functionalized biomedical deviegsrthy be energized. The energized
biomedical devices may comprise the necessary elementdeict emd analyze analytes of
users using embedded micro-electronics. Additional fanatity using micro-electronics
may include, for example, audio, visual, and haptic feeklbmthe user. In some
embodiments, the quantum-dot spectrometers for usenmedical devices may be in
wireless communication with one or more wireless devViaa(d receive signal data that may
be used in real time for the determination of an amabanalyte concentration and
correlated cause. The wireless device(s) may inclodexample, a smart phone device, a

tablet, a personal computer, a FOB, an MP3 player, a BBd\pther similar devices.

Energized Ophthalmic Device

Referring to Fig. 1A, an exemplary embodiment of a measert 100 for an
energized ophthalmic device and a corresponding emetgiphthalmic device 150 (Fig.
1B) are illustrated to provide an example of an enedgmemedical device structure that
may support the operation of quantum-dot based speoppsThe media insert 100 may
comprise an optical zone 120 that may or may not hetifonal to provide vision
correction. Where the energized function of the ophtitattavice is unrelated to vision,
the optical zone 120 of the media insert may be voithaterial. In some exemplary
embodiments, the media insert may include a portion nibieiroptical zone 120
comprising a substrate 115 incorporated with energizaiements 110 (power source) and
electronic components 105, such as a spectromdtereiiergization elements 110 may be
connected to a circuit element that may have its substrate 111 upon which interconnect

features 125 may be located. The circuit, which tmayn the form of an integrated circuit,
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may be electrically and physically connected toghlestrate 111 and its interconnect
features 125The energization elements 110 may have their oweréohnect features to
join together elements as may be depicted underlyiagegion of interconnect 114.

In some exemplary embodiments, a power source orgézegion elements 110
(for example a battery) and a load such as electroomimgponents 105 (for example a
spectrometer) may be attached to the substrate 11®luCtive traces called interconnect
features 125 and 130 may electrically interconnecel&etronic components 105 and the
energization elements 110. The media insert 100 mdyllyeencapsulated to protect and
contain the energization elements 110, interconnetire=a 125, and electronic components
105, such as a spectrometer. In some exemplary embéot$, the encapsulating material
may be semi-permeable, for example, to prevent spesifbstances, such as water, from
entering the media insert and to allow specific substarsteh as ambient gasses or the
byproducts of reactions within energization elements, tetpate or escape from the media
insert.

In some exemplary embodiments, as depicted in FigtiEBmedia insert 100 may
be included in an ophthalmic device 150, which may coramipolymeric biocompatible
material. The ophthalmic device 150 may include a rigiteaze soft skirt design wherein
the central rigid optical element comprises the mediaririd0. In some specific
embodiments, the media insert 100 may be in diredacomwith the atmosphere and the
corneal surface on respective anterior and poststdaces, or alternatively, the media
insert 100 may be encapsulated in the ophthalmic dé%6e The periphery 155 of the
ophthalmic device 150 or lens may be a soft skirt nafencluding, for example, a
hydrogel material. The infrastructure of the mediaih400 and the ophthalmic device 150
may provide an environment for numerous embodimemnsiving fluid sample processing
with quantum-dot based analysis elements while ig@étie internal components from the

biomedical environment surrounding the insert.

Fluorescence Based Probe Elements for Analyte Arglysi

Various types of analytes may be detected and arhlyzieg fluorescence based
analysis techniques. A subset of these techniques malyénthe direct fluorescence

emission from the analyte itself. A more generic setdin&ues relate to fluorescence
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probes that have constituents that bind to analyte molearidsn so binding, alter a
fluorescence signature. For example, in Forster Resenanergy Transfer (FRET),
probes are configured with a combination of two flutvaes that may be chemically
attached to interacting proteins. The distance of tr@dlphores from each other can
affect the efficiency of a fluorescence signal eniagatherefrom.

One of the fluorophores may absorb an excitation irradiagignal and can
resonantly transfer the excitation to electronic states iotther fluorophore. The binding
of analytes to the attached interacting proteins may distierigeometry and cause a
change in the fluorescent emission from the pair afriphores. Binding sites may be
genetically programmed into the interacting proteins, anéXample, a binding site,
which is sensitive to glucose, may be programmed. In s@®es, the resulting site may
be less sensitive or non-sensitive to other constituentdearstitial fluids of a desired
sample.

The binding of an analyte to the FRET probes may yidldaescence signal that
is sensitive to glucose concentrations. In some exemplabodiments, the FRET based
probes may be sensitive to as little as a 10 uM condemtraf glucose and may be
sensitive to concentrations of up to hundreds of microm¥dlarious FRET probes may
be genetically designed and formed. The resulting prof@sbe configured into
structures that may assist analysis of interstitial fluids aser. In some exemplary
embodiments, the probes may be placed within a matnmxadérial that is permeable to
the interstitial fluids and their components, for examgie, RRET probes may be
assembled into hydrogel structures. In some exemplatyodiments, these hydrogel
probes may be included into the hydrogel based primges$ ophthalmic contact lenses
in such a manner that they may reside in a hydragedpsulation that is immersed in tear
fluid when worn upon the eye. In other exemplary enmbedts, the probe may be
inserted in the ocular tissues just above the sclera. foggtimatrix comprising
fluorescence emitting analyte sensitive probes may leeglm various locations that are
in contact with bodily fluids containing an analyte.

In the examples provided, the fluorescence probes may tontact with
interstitial fluid of the ocular region near the sclerathiese cases, where the probes are

invasively embedded, a sensing device may provideiati@d signal incident upon the
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fluorescence probe from a location external to theseh as from an ophthalmic lens or
a hand held device held in proximity to the eye.

In other exemplary embodiments, the probe may be édaokwithin an
ophthalmic lens in proximity to a fluorescence-sensingcgethat is also embedded
within the ophthalmic lens. In some exemplary embahits, a hydrogel skirt may
encapsulate both an ophthalmic insert with a fluoresceetector as well as a FRET

based analyte probe.

Quantum-Dot Spectroscopy

Small spectroscopy devices may be of significant aiddatmg biomedical devices
with the capability of measuring and controlling concentratainsarious analytes for a user.
For example, the metrology of glucose may be used twaasmriations of the material in
patients and after treatments with medicines of variouskindurrent microspectrometer
designs mostly use interference filters and interferamefitics to measure spectral
responses of mixtures that contain materials that absorb ligisome examples a
spectrometer may be formed by creating an array csetpof quantum-dots. A spectrometer
based on quantum-dot arrays may measure a light spebtased on the wavelength
multiplexing principle. The wavelength multiplexing principlayrbe accomplished when
multiple spectral bands are encoded and detected simultayestisbne filter element and
one detector element, respectively. The array formatathaw the process to be efficiently
repeated many times using different filters with différemcoding so that sufficient
information is obtained to enable computational reconstruofitime target spectrum. An
example may be illustrated by considering an arraygbt liletectors such as that found in a
CCD camera. The array of light sensitive devices beayseful to quantify the amount of
light reaching each particular detector element in the C@iy.ain a broadband
spectrometer, a plurality, sometimes hundreds, of quadtt based filter elements are
deployed such that each filter allows light to pass frortacespectral regions to one or a
few CCD elements. An array of hundreds of such fill@ds out such that an illumination
light passed through a sample may proceed througdrthg of QD Filters and on to a
respective set of CCD elements for the QD filters. Timalsaneous collection of spectrally

encoded data may allow for a rapid analysis of a sample.
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Narrow band spectral analysis examples may be fobyeing a smaller number of
QD filters surrounding a narrow band. In Fig. 2 arsillation of how a spectral band may
be observed by a combination of two filters is illustratiédnay also be clear that the array
of hundreds of filters may be envisioned as a similacept to that in Fig. 2 repeated may
times.

If Fig. 2, a first QD filter 210 may have an assasib$pectral transmission response
as illustrated and indicated as Trans. A second QD &f@rmay have a shifted associated
spectral transmission associated with a different natuteeajuantum-dots included in the
filter, for example the QDs may have a larger diametdrerQD filter of 220. The
difference curve of a flat irradiance of light of all wedength (white light) may result from
the difference of the absorption result from light thatdraes filter 220 and that traverses
filter 210. Thus, the effect of irradiating through these filters is that the difference curve
would indicate spectral response in the band 230 depi#téekn an analyte is introduced
into the light path of the spectrometer, where the anagdeah absorption band in the
UV/Visible spectrum, and possible in the infrared, theltegould be to modify the
transmission of light in that spectral band as showrmpkgtsum 240. The difference from
230 to 240 results in a transmission spectrum 250 foartagy/te in the region defined by the
two quantum-dot filters. Therefore, a narrow spectasponse may be obtained by a small
number of filters. In some examples, redundant coecbgdifferent filter types of the same
spectral region may be employed to improve the signabisercharacteristics of the spectral
result.

The absorption filters based on QDs may include QBishthve quenching molecules
on their surfaces. These molecules may stop the QD dritting light after it absorbs
energy in appropriate frequency ranges. More geneth#yQD filters may be formed from
nanocrystals with radii smaller than the bulk exciton Balius, which leads to quantum
confinement of electronic charges. The size of tigstal is related to the constrained
energy states of the nanocrystal and generally decreasimgystal size has the effect of a
stronger confinement. This stronger confinement aftbet&lectronic states in the quantum-
dot and results in an increased the effective bandgaphwésults in shifting to the blue
wavelengths both of both optical absorption and fluorgsemission. There have been many

spectral limited sources defined for a wide array of guardots that may be available for
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purchase or fabrication and may be incorporated into ldaralkedevices to act as filters. By
deploying slightly modified QDs such as by changing tBEsGGize, shape and composition
it may be possible to tune absorption spectra continyausl finely over wavelengths

ranging from deep ultraviolet to mid-infrared. QDs @dsp be printed into very fine patterns.

Diagrams for Electrical and Computing System

Referring now to Fig. 3, a schematic diagram of a memethat may be used to
implement some aspects of the present disclosure is illubtite controller 300 may
include one or more processors 310, which may inalugeor more processor components
coupled to a communication device 320. In some embodénamrontroller 300 may be used
to transmit energy to the energy source placed ineheel.

The processors 310 may be coupled to a communicatvined320 configured to
communicate energy via a communication channel. The coneation device 320 may be
used to electronically communicate with components within theianinsert, for example.
The communication device 320 may also be used to caoncate, for example, with one or
more controller apparatus or programming/interface dediogonents.

The processor 310 is also in communication with a statagee 330. The storage
device 330 may comprise any appropriate informatioragedevice, including
combinations of magnetic storage devices, optical statagees, and/or semiconductor
memory devices such as Random Access Memory (RAMEee and Read Only Memory
(ROM) devices.

The storage device 330 may store a program 340 fdaraibng the processor 310. The
processor 310 performs instructions of a software pra@40, and thereby operates in
accordance with the present invention. For example, tleegsor 310 may receive
information descriptive of media insert placement, acawvgdt zones of the device. The
storage device 330 may also store other pre-determinatkebio related data in one or more
databases 350 and 360. The database may includxdmple, predetermined retinal zones
exhibiting changes according to cardiac rhythm or anrabalacondition correlated with the
retinal vascularization, standard measurement thresholds Joggtdata, and specific
control sequences for the system, flow of energy tofiemmd a media insert, communication

protocols, and the like. The database may also incladeneters and controlling algorithms
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for the control of the biometric based monitoring systerhrirey reside in the device as well
as data and/or feedback that can result from their actigarhe embodiments, that data may
be ultimately communicated to/from an external receptionlegsedevice.

In some embodiments according to aspects of the diselassingle and/or multiple
discrete electronic devices may be included as discrete ¢thipther embodiments,
energized electronic elements may be included in a meska im the form of stacked
integrated components. Referring now to Fig. 4, a sctiechiagram of an exemplary cross
section of a stacked die integrated components implementingntum-dot spectrometer
system 410 is depicted. The quantum-dot spectrometebedgr example, a glucose
monitor, a retinal vascularization monitor, a visual scagpniionitor, or any other type of
system useful for providing spectrophometric informatiboud the user. In particular, a
media insert may include numerous layers of differerggyghich are encapsulated into
contours consistent with the environment that they will occipgome embodiments, these
media inserts with stacked integrated component layersasgyme the entire shape of the
media insert. Alternatively in some cases, the media insgrtatcupy just a portion of the
volume within the entire shape.

As shown in Fig. 4, there may be thin film batteries 48€d to provide energization.
In some embodiments, these thin film batteries 430 may Gsenpne or more of the layers
that may be stacked upon each other with multiple compometits layers and
interconnections there between. The batteries 430 argekpic thin film batteries for
exemplary purposes, there may be numerous othegizaton elements consistent with the
embodiments herein including operation in both stackddhan-stacked embodiments. As a
non-limiting alternative example cavity based laminate foattelies with multiple cavities
may perform equivalently or similarly to the depicted fiiim batteries.

In some embodiments, there may be additional interctionsdetween two layers
that are stacked upon each other. In the state of thesegtrttay be numerous manners to
make these interconnections; however, as demonstratedd¢hmnnection may be made
through solder ball interconnections between the layersoie embodiments only these
connections may be required; however, in other dagesolder balls may contact other

interconnection elements, as for example with a compdraing through layer vias.
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In other layers of the stacked integrated component meskatj a layer 425 may be
dedicated for the interconnections of two or morehefiarious components in the
interconnect layers. The interconnect layer 425 may cqonti@s and routing lines that can
pass signals from various components to others. Forggaimterconnect layer 425 may
provide the various battery elements connections to a poaeragement unit 420 that may
be present in a technology layer 415. The power managgeunit 420 may have circuitry
dedicated to supplying voltage sources with controlled cteniatics 440. Other components
in the technology layer 415 may include, for exam@leansceiver 445, control components
450 and the like. In addition, the interconnect layer 43§ fanction to make connections
between components in the technology layer 415 as wetimponents outside the
technology layer 415; as may exist for example in the iated passive device 455. There
may be numerous manners for routing of electrical $sghat may be supported by the
presence of dedicated interconnect layers such asonteect layer 425.

In some embodiments, the technology layer 415, like délyer components, may be
included as multiple layers as these features represiveraity of technology options that
may be included in media inserts. In some embodimengspbitie layers may include
CMOS, BiCMOS, Bipolar, or memory based technologies edethe other layer may
include a different technology. Alternatively, the two layaray represent different
technology families within a same overall family; as for epkmone layer may include
electronic elements produced using a 0.5 micron CMO31¢doty and another layer may
include elements produced using a 20 nanometer CMOSdlegyy. It may be apparent that
many other combinations of various electronic technolgggg would be consistent within
the art described herein.

In some embodiments, the media insert may include locaborsectrical
interconnections to components outside the insert. In otherpes, however, the media
insert may also include an interconnection to external caemgs in a wireless manner. In
such cases, the use of antennas in an antenna laysra43arovide exemplary manners of
wireless communication. In many cases, such an antap@ea435 may be located, for
example, on the top or bottom of the stacked integ@atbonent device within the media
insert.
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In some of the embodiments discussed herein, the eagogi elements such as
batteries 430 may be included as elements in at leastf tine stacked layers themselves. It
may be noted as well that other embodiments may be pogdilere the battery elements
430 are located externally to the stacked integrated aoemt layers. Still further diversity
in embodiments may derive from the fact that a separéierpar other energization
component may also exist within the media insert, or alternatiiebe separate energization
components may also be located externally to the medid.iirsénese examples, the
functionality may be depicted for inclusion of stackedgrééed components, it may be clear
that the functional elements may also be incorporatedintoedical devices in such a
manner that does not involve stacked components antesalble to perform functions
related to the embodiments herein.

Components of the quantum-dot spectrometer system 4§@iso be included in a
stacked integrated component architecture. In some embéotiinthe quantum-dot
spectrometer system 410 components may be attachqubesoa of a layer. In other
embodiments, the entire quantum-dot spectrometer sysl®mmay also comprise a similarly
shaped component as the other stacked integrated centpom some alternative examples,
the components may not be stacked but laid out in thehaedlpregions of the ophthalmic
device or other biomedical device, where the generaitional interplay of the components
may function equivalently however the routing of sigraadd power through the entire
circuit may differ.

When constructing a quantum-dot spectrometer system 4 Biomedical device,
size may be an integral factor. Quantum-dot emitters maégdbéoned in a manner similar to
the formation of light emitting diodes. Layers of materialy suarround the quantum-dots
to create light emitting diodes with the quantum-dots. Ocdagers may act as electron
donors and as hole donors into the quantum-dot layea. nbn-limiting example, the QDs
may be sandwiched between electron transport layersadransport layers. Application
of electric potential to electrodes connected to the electrospianiayer and the hold
transport layer excite the QD into photoluminescencenatvelength band characteristic of
the QDs. Examples of electron transport layers andtresisport layers may include tris-
(8-hydroxyquinoline) aluminum; bathocuproine; 4,4’-Ndicarbazolylbiphenyl; poly(2-
(6-cyano-6’-methylheptyloxy)- 1,4- phenylene); po®H-dihexylfluorenyl-2,7-diyl)-co-
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(1,4-{benzo-[2,1’,3]thiadiazole})]; poly[2-methoxy-5-@thylhexyloxy)-1,4-
phenylenevinylene]; 4,4-bis[N-(1-naphyl)-N-phenylamibgihenyl; 2-(4-biphenylyl)-5-(4-
tertbutylphenyl)-1,3,4 oxadiazole; poly~3,4-ethylene dibiophene; poly(9,9'-
dioctylfluorene-co-N-(4-butylphenyl)diphenylamine; pedta-cyclobutane; poly(phenylene
vinylene); 3-(4-Biphenylyl)-4-phenyl-5-tertbutylphenyll; 2, 4-triazole; Poly[(9,9-
dioctylfluorenyl-2,70diyl)-co-(4-4’-(N-(4-secbutylphgl)) diphenylamine)]; 1,3,5-tris(N-
phenylbenzimidazole-2-yl)-benzene; and N, N’-diphenyNN\bis(3-methylphenyl)-(1, 1'-
biphenyl)-4, 4'-diamine as non-limiting examples.

Once excited by a current (such as from the powelgement unit 420), the
guantum-dot layer may emit light at a designed specif@aeiength from the quantum-dot
spectrometer system 410. The emitted light may interactamitbutside environment, or
with a specific sample or samples in the environment, euhéine sample or samples may
absorb the emitted light at certain wavelengths. Thetqoadot spectrometer may then
receive the remaining light, which has been transmittexdigir the sample or samples, in a
guantum-dot detector (refer to Fig. 11A for one exenymanbodiment) within the quantum-
dot spectrometer system 410.

Similarly, millimeter or nanometer sized quantum-dot detect@g be implemented
into a quantum-dot spectrometer system 410 (see atsdl FA, at 1120). Current quantum-
dot detectors may rely on charged-coupled device®jClibwever, CCDs do not currently
provide the size scale required for millimeter- or nanonmsed quantum-dot
spectrometers. Rather, smaller photodiode arrays magdzkto achieve the size
requirements. Photodiodes are semiconductor devicesahaert light into energy.
Millimeter or nanometer sized photodiodes may be constriletedgh photolithographic

means.

Biomarkers/Analytical Chemistry

A biomarker, or biological marker, generally refers toeasurable indicator of some
biological state or condition. The term is also occasionallg tseefer to a substance the
presence of which indicates the existence of a living asgarFurther, life forms are known
to shed unigue chemicals, including DNA, into the environrasrgvidence of their presence

in a particular location. Biomarkers are often measuneldezaluated to examine normal
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biological processes pathogenic processes, or pharogicoésponses to a therapeutic
intervention. In their totality, these biomarkers may révaat amounts of information
important to the prevention and treatment of diseasé¢henchaintenance of health and
wellness.

Biomedical devices configured to analyze biomarkers beaytilized to quickly and
accurately reveal one’s normal body functioning and asshsther that person is
maintaining a healthy lifestyle or whether a change magdaired to avoid illness or
disease. Biomedical devices may be configured toaaddnalyze proteins, bacteria,
viruses, changes in temperature, changes in pH, metabelégesolytes, and other such

analytes used in diagnostic medicine and analytical ighgm

Ophthalmic Insert Devices and Other Biomedical Devigith Quantum-Dot Spectrometer

Referring to Fig. 5, an ophthalmic insert 500 is dematestir including
components that may form an exemplary quantum-dot @)ctrometer system. The
demonstrated ophthalmic insert is shown in an exemplamylar form having an
internal border of 535 and an external border of H22@ddition to energization
elements such as the battery power source 530, teitoitry 510, and
interconnect features 560 there may be a broadband €iremeter system 550,
which in certain exemplary embodiments may be positiared flap 540. The flap 540
may be connected to the insert 500 or be an integralplittun extension thereof. The
flap 540 may properly position the broadband QD speatensystem 550 when an
ophthalmic device comprising a QD detector is worn. fldge 540 may allow the
broadband QD spectrometer system 550 to overlappeittions of the user’'s eye away
from the optic zone. The broadband QD spectrometézrsyS50 may be capable of
determining an analyte, in terms of its presence or itsa@ration, in a fluid sample.

For a broadband QD spectrometer, an analyte samplebmayposed to an
excitation light source which may be passed throughrary af different QD filters. This
light source with the array of filters may be located witthie body of the analytical
system. In some exemplary embodiments, the light scuegecomprise a solid-state
device or devices similar to a light emitting diode (DEDThe QD filtered light
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source may be irradiated through a sample and rafigat back on some tissue
layers to a detector array

An electronic control bus of interconnect features B&Y provide the signals to
the light source or sources and return signals frondétectors. The powered electronic
component may provide the signals and power aspedotseXemplary embodiment of
Fig. 5, illustrates a battery power source 530 to the el&ctrcircuitry 510. In other
exemplary embodiments, energization may also be proviméhe electronic circuitry
by the coupling of energy through wireless mannert sisaadiofrequency transfer or

photoelectric transfer.

Methods of Detecting - Microfluidic System

A Microfluidic System may be utilized to pull sample fromanside environment
into the biomedical device in order to analyze the sampenmore controlled fashion within
an internal region defined by the insert pieces. Refermavgto Fig. 6A, a top view of an
exemplary multi-piece annular shaped insert 600 is debiéie depicted, the exemplary
multi-piece annular shaped insert 600 may be a rimgadérial around a central optical zone
that is devoid of material. Moreover, the annular shapsett 600 may be defined by an
exterior extent 620 and an internal annulus edge 68ided in between the exterior extend
620 and the internal annulus edge 630 may be foundizatog elements 640, interconnect
features 645 of various types and/or an electronic tieteiment 650.

Referring now to Fig. 6B, a first amplified partial cregstional representation 690
of the exemplary multipiece annular shaped form insertod®g. 6A is depicted. The cross
section 690 reveals that the annular shaped insert GD@asbination of a front insert piece
691 and a rear insert piece 692. As depicted, in sorhediments, the front insert piece 691
and the rear insert piece 692 may be joined and sealdati¢oga different embodiments,
other structural features and means can be implemented toofh pieces together. Also
shown in an encapsulated location may be an integratedt @kement 693 connected to
interconnection elements.

Referring now to Fig. 6C, a second amplified partiaksreectional representation
695 of the exemplary multipiece annular shaped fornTtis€® of Fig. 6A is depicted. In

particular, in other sections/embodiments, a different ofsructure may be found, as
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depicted in cross section 695. As shown, it may berebdeso that there may be a gap or
pore 696 that is formed to allow some portion of the iotef the annular shaped insert 600
to be open to an external environment. There may berws components 698 that may
connect to this opening, and can themselves be encegabuldhin the annular shaped insert
600. Accordingly, this ability to allow component(s) 698 aliad within the annular shaped
insert 600 to controllably interface with fluids and/or gasi® their exterior environment
can, in some embodiments, enable for the incorporatiQiDo$pectrometer elements within
ophthalmic device.

Referring now to Fig. 7, a top view of a section of iergfluidic Analytical System
700 is illustrated with an exemplary pumping mechanismag@ell as sampling regions
and controlling components is depicted. As shown, in samtgdiments control circuitry
740 may be electrically connected to components of the rfiigdic analytical system
through interconnect(s) 720. A control element 750 forra fraot shown) may be included
and be useful for connecting the Microfluidic Analytical &ys 700 to fluid (not shown)
outside of the insert. Exemplary aspects of differentgtiesof pores may be found in
following sections; however, the pore may allow fluid sampéebe passed from outside the
insert environment to a pumping element 760.

In some embodiments, the pumping element 760 maydraaetivating or driving
component 730 that may be capable of engaging the pumem®&60. In one example, the
pump element 760 may comprise a flexible and collapsibtabrene that may be activated
by the application of pressure upon the membrane. Thayebe numerous manners for
driving the application of pressure upon the membraneeXample, a fluid may fill a cavity
731 and flow through a tube 735 connecting the caatyto the pumping element 760.
Accordingly, the cavity 731 may include features allowtimg application of pressure upon
the fluid contained within. For example, piezoelectric comptsmay be used to expand
volume on the application of voltage thus pressuriznegcontained fluid. In other
embodiments, thermo-compressive materials may respantetaperature change that may
be controlled by the application of electric energy heating element. In a yet another
embodiment, an Electrowetting on Dielectric (EWOD) conmgd may exert a pressure on
the fluid by a change in the wetting characteristics offfase in cavity 731 upon the

application of a potential. There may also be other mefagh$ving a pump mechanism that
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may also be directly engaged at the pump element 780 &sill further diversity may
derive from the use of EWOD components to influencdltwve of fluids themselves rather
than the use of mechanical pumping means.

The pump element 760 may force fluid to flow througthannel 770 and
subsequently into an analyzing chamber 705 of the Micdic Analytical System 700.
Further detail of the components in such chambers 70bevillescribed in following
sections, but briefly stated the fluid may flow throughdhalyzing chamber 705 and cause
influences to occur on electrode(s) 710 which maydreqd the components.

Referring now to Fig. 8, a top view partial section oeaemplary Microfluidic
Analytical System 800 with a fluid sample being flowed tigio the microfluidic analysis
component is illustrated. Because of the nature of anlansystem, the components may be
observed to be deployed in a curvilinear fashion as thasebe numerous details that
change in a curvilinear system including, for exampleetteet shapes of electrodes and
chamber cross sections. In other embodiments, howevesy lamalytical systems may be
formed that have dimensions that allow them to fit in théas@nvironment. Further, in
additional embodiments, regardless of the nature ofyi§ters along the analysis chamber,
the entire substrate that the chamber rests upon canvagl @llowing it to rest upon the
roughly spherical surface of an eye. The details ®tlinee dimensional nature of the
analysis chamber may factor into models related to tHferpgance of the systems. For
illustration purposes, however, this description decldmese nuances, but will illustrate an
exemplary embodiment by curving the features of a liMtaro fluidic Analytical System
800. Depicted in the portion of the Micro fluidic Anaabal System 800, a micro-channel 850
for receiving and transporting fluid samples is shown séHkiid samples may be pumped,
for example, by the previously discussed pumping sy$eeg. 760 in Fig. 7) from an
external location. For example, fluid samples may begysadhfrom ocular fluid that may
surround a contact lens containing the Microfluidic Analfgystem 800. An analyte sensor
870 may be found for example along the micro-chanies analyte sensor 870 may be
capable of performing one or more of: an electrochenaitalysis step, a photometric
analysis step or other analytical steps upon fluid sampresome examples QD
spectrometry may be performed in these regions. kxamplary embodiment, the analysis

step may relate to a photometric sensing of glucose ctsatien based on a fluorescence
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sensor typology using one or more components. Irhenexample, the sensor may detect
the presence of reaction products from a glucose oxidesaction with portions of the
analyte sensor 870 and the fluid sample. There mayiverous electrical interconnections
820 which connect the sensing element 870 to control efecs:

Fluid may flow into the micro-channel 850 from a pump clea®40. As the fluid
flows into the micro-channel 850 it may displace other finid particular region, or on an
initial use may displace ambient gas in the channel. Agdaffows, it may be sensed by a
pre-sensor micro-channel portion comprising electr@®@sand 861 as well as a post-sensor
portion comprising electrodes 862 and 863, In some eimigods the measurement of
impedance between electrodes such as 860 and 86hanesed to sense the flow of
material. In other embodiments, the resistance of a dfa@lectrodes 862 and 863 may be
altered by the presence of a fluid within the micro-chaBi66| or the presence of a front
between two fluids of different characteristics residindhgmicro-channel 850. A fluid 880
may flow through the micro-channel from an empty regibthe micro-channel 890 to be
sampled. Alternatively, micro-channel portion at 890 mayasent a different solution of
fluid that may for example have different concentratioelettrolytes, and therefore,
conductivity than that of typical tear fluid.

In general, measuring impedances, or ohmic resistabe&geen position electrodes
860-863 in embodiments of the present invention may tenaglished by applying a
voltage therebetween and measuring the resulting cuEihér a constant voltage or an
alternating voltage may be applied between the position etkssr860-863 and the resulting
direct current (DC) or alternating current (AC), respetyivmeasured. The resulting DC or
AC current may then be used to calculate the impedanalenoic resistance. Furthermore,
one skilled in the art will recognize that measuring impeelanay involve measuring both
an ohmic drop (i.e., resistance [R] in Ohms or voltagedatly and measuring capacitance
(i.e., capacitance in Farads or coulombs/volt). In practmapedance may be measured, for
example, by applying an alternating current to the posdiectrode(s) 860-863 and
measuring the resulting current. At different frequencfesternating current, either
resistive or capacitive effects prevail in determining thesweal impedance. The pure
resistive component can prevail at lower frequencies widgure capacitive component

can prevail at higher frequencies. To distinguish betveemesistive and capacitive
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components, the phase difference between the appliedaditey current and the measured
resulting current can be determined. If there is zerogpslaift, the pure resistive component
is prevailing. If the phase shift indicates that the culeegg the voltage, then the capacitive
component is significant. Therefore, depending on theiéegy of an applied alternating
current and position electrode configuration, it can meheial to measure either resistance
or a combination of resistance and capacitance.

Referring back to the specific example of Fig. 8, idgprece measurements may be
performed by, for example, applying an alternating veltagtween first position electrode
830 and a final position electrode connection 810 andumegshe resulting alternating
current. Since the chain of electrodes including 860, 81 a8d 863 can be a portion of a
capacitor, (along with any substance [e.g., air or a ligardple] within micro-channel 850
between subsequent position electrodes and any layérsdlgdbe separating the position
electrodes from direct contact with the fluid in the michastnel 850), the measured current
may be used to calculate the impedance. The preseabsemce of a liquid sample in
micro-channel 850, 890 between electrodes will affectrtbasured current and impedance.
The frequency and amplitude of the alternating voltagéeappetween a first and second
position electrodes 860-863 can be predeterminedtbatithe presence of a liquid sample
between a first and second position electrodes 860-8y3m detected by a significant
increase in measured current.

With respect to the measurement of impedance or resgstdre magnitude of the
applied voltage can be, for example, in range from abourt V to about 2 volts for the
circumstance of an ophthalmic tear fluid sample and carbheed or silver-based ink
position electrodes. The lower and upper limits of thdieppoltage range are dependent on
the onset of electrolysis or electrochemical decompositidinediquid sample. In instances
where an alternating voltage is employed, the alternatingg®litan be applied, for example,
at a frequency that results in a negligible net change iingilnd sample's properties due to
one or more electrochemical reaction. Such a frequemge can be, for example, from
about 10 Hz to about 100 kHz with a voltage wavefoymmaetrical around 0 Volts (i.e., the
RMS value of the alternating voltage is approximately zero)

As depicted, analyte sensor 870 and position elect@@@863 can each be in

operative communication with the micro-channel 850. It khba noted that position
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electrodes 860-863 employed in embodiments of the préseention can be formed of any
suitable conductive material known to those skilled in tharariuding conductive materials
conventionally used as analytical electrode materialsiargarticular, conductive materials
known as suitable for use in flexible circuits, photolittagdnic manufacturing techniques,
screen printing techniques and flexo-printing technigBegable conductive materials
include, for example, carbon, noble metals (e.g., go&dinum and palladium), noble metal
alloys, conductive potential-forming metal oxides and hsstlis. Position electrodes can be
formed, for example, from conductive silver ink, suchheescommercially available
conductive silver ink Electrodag 418 SS.

Referring now to Fig. 9, a top view section of an egkamy Microfluidic Analytical
System component 900 with a waste or fluid retentioneVé&0 is depicted. In the
exemplary embodiments, electrode 910 for measurinddiveréte of fluid in the system
may be an end electrode of many others (not depicted.i®) Fluid may flow through the
microchannel 920 and continue to a fluid retention ex3@ The fluid retention vessel may
be used, for example, for higher volume of fluid analyiserein. In some embodiments, a
pore 940 may include a pore control element 945 fonecting the fluid retention vessel
930, which may be also be used as a waste storagera|e380 to regions located external to
the insert. In addition, in some embodiments the pore@oagiement 945 connection may be
useful for equalizing gas pressure as the microfliadiaponents fill with fluid. In other
embodiments, the pore 940 and pore control elemenitr@43oe useful for emitting fluid
from the ophthalmic device. The pore 940 may alsodeéulifor connecting an end of the
Micro fluidic Analytical System to its external region in are@nvironment, which can
allow for continuous monitoring without the removal of the ophttfic device. In other
embodiments, the pore 940 and pore control elementr@4be useful for flow control
through the Micro fluidic Analytical System in a storage logatguch as the fluid retention
vessel 930. For example, while in storage, the Microfluddialytical System may be
cleansed or refreshed by the flowing of solutions thindhg system and, in some
embodiments, subjected to calibration protocols. Contrtilese functions may be
performed by the integrated circuit components within the Vehich may also be in

communication with external controlling systems.
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Energized Ophthalmic Devices with Lab on a Chip Components

Referring now to Fig. 10, a top view section of annegkary pumping mechanism
1000 for a Micro fluidic Analytical System using lab ookap component 1010 is depicted.
A lab on a chip component 1010 may share many aswébtthe embodiment of the
Microfluidic Analytical System that has been previoutiscussed. Similarly, however, in
some embodiments small droplets may be moved anetthoh the lab on a chip 1010 not
through the action of a pump 1060 but by control of tloplets with EWOD components.
Droplets may be combined in elements of the lab on a dmponent 1010 to perform
chemical processing. Numerous analysis techniques tnabmperformed, for example, in
some embodiments the analysis of glucose as an anaytde performed. The technique
for this analysis may include, for example, an electnogb& or photometric technique as
described or other techniques that may relate to the maftiogemical substances that may
be initially stored in the lab on a chip component 10Q0antum-dot based spectroscopy
techniques may be performed in or through the lab@rnpcomponent. In some examples,
QD based dyes may be located in a droplet that isdwixid a sample obtained from the
environment of the biomedical device. The resulting intenaatith a targeted analyte may
yield spectroscopic signals that may be used to calcaled@centration of the analyte for
example.

Various components such as energization elements (o@hghinterconnects 1040,
and sealing aspects previously described may take piahe annular Media Insert piece of
the present example. Further, an electronic circuit 1@palde of controlling various
components including a lab on a chip component 1030beamplemented. A pore 1050
and a pore control system 1055 may control the samepfifigid samples from the
ophthalmic device environment. A pump actuator 1030 maatea pump 1060 which may
be mechanical in nature such as a membrane based puombets of a fluid sample may be
pumped into micro-channel 1015 for metering of the volam# sample flow rate through
the use of electrodes such as electrode 1016 as desoaribedpresent disclosure. The
droplets may be provided to the lab on a chip compor@@ fhrough a channel 1011 where
it may be further processed. The lab on a chip coepiob010 may use the pumped action
on the sample to control flow within itself, or in other embagtits, it may control the flow

rate of the sample provided to it on its own.
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In additional embodiments, the lab on a chip componen hidy be able to sense
fluid in its environment without the need of an external pung system. However, a pore
1050 may still be useful to provide control over floweaternal fluid into the environment of
the lab on a chip component. Thereafter the lab on acomyponent 1010 may sample the
introduced sample on its own, for example, by the cbttirough electrowetting on
dielectric or electrophoresis features that can attractreve fluid samples.

The lab on a chip component 1010 may comprise a désigmay be consistent
with the present description including, for example, very lnon chip flexible
components to allow for the deformation into a shape stargiwith the three dimensional
shape of an ocular surface. In some embodimentshtgge and thickness of the lab on a
chip component 1010 may allow it to be included in agldorm within the ophthalmic
insert device.

Biomedical Devices with Quantum-Dot Spectrometers

Fig. 11A illustrates an exemplary QD Spectrometer sygtearbiomedical device
1100. The illustration in Fig. 11A may utilize a microfluidicseem as illustrated in Fig. 10,
or alternatively, may utilize a more passive approach lteatmmg samples wherein a sample
fluid passively enters a channel 1102. The channel fri#2be internal to the biomedical
device in some examples and in other examples, asalledirthe biomedical device may
surround an external region with a reentrant cavity. some examples where the
biomedical device creates a channel of fluid external éff ithe device may also contain a
pore 1160 to emit reagents or dyes to interact with theraattituid in the channel region. In
a non-limiting sense, the passive sampling may be unddratitio reference to an example
where the biomedical device may be a swallowable pill. pilhenay contain regions that
emit medicament 1150 as well as regions that analyzeuswirg fluid such as gastric fluid
for the presence of an analyte, where the analytebaadlge medicament for example. The
pill may contain controller 1170 regions proximate to theinsdent where control of the
release of the medicament may be made by portions ofdhebical pill device. An
analysis region may comprise a reentrant channel withibitmeedical pill device that
allows external fluid to passively flow in and out of thecnel. When an analyte, for
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example in gastric fluid, diffuses or flows into the chanleécomes located between the
analysis region as depicted in Fig. 11A.

Referring now to Fig. 11B, once an analyte diffusestberwise enters the Quantum-
dot spectrometer channel which shall be referred tbeashannel 1102, a sample 1130 may
pass in the emission portion of a Quantum-dot (QD) eniité0. The QD emitters 1110
may receive information from a QD emitter controller 1iris2ructing the QD emitters 1110
to emit an output spectrum of light across the channel.1102

In some examples, the QD emitter may act based oniem@®perties of the
guantum-dots. In other examples, the QD emitter mayasetdbon the absorption properties
of the quantum-dots. In the examples utilizing the emisproperties of the quantum-dots,
these emissions may be photostimulated or electrically stiesldn some examples of
photostimulation; energetic light in the violet to ultraviolet maybgtted by a light source
and absorbed in the quantum-dots. The excitation iQenay relax by emitting photons
of characteristic energies in a narrow band. As merdipneviously, the QDs may be
engineered for the emission to occur at selected fretqggeotinterest. In a similar set of
examples, QDs may be formed into the layered sandwitieedioned previously between
electrically active layers that may donate electrons atetato the QDs. These excitations
may similarly emit characteristic photons of selectequency. The QD emitter 1110 may
be formed by inclusion of nanoscopic crystals, that fun@sthe quantum-dots, where the
crystals may be controlled in their growth and materialahaused to form them before they
are included upon the emitter element.

In an alternative set of examples, where the QDs act absorption mode a
combination of a set of filters may be used to deterraigpectral response in a region.
This mechanism is described in a prior section in reéerém Fig. 2. Combinations of QD
absorption elements may be used in analysis to selechsegf the spectrum for analysis.

In either of these types of emission examples, a speadflight frequencies may be
emitted by QD emitter 1110 and may pass thru the sabj@@. The sample 1130 may
absorb light from some of the emitted frequencies if anxdte constituent within the sample
is capable of absorbing these frequencies. The ramgaiequencies that are not absorbed
may continue on to the detector element, where QD rexcei1 20 may absorb the photons

and convert them to electrical signals. These electricahlsignay be converted to digital
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information by a QD detector sensor 1122. In somengles the sensor 1122 may be
connected to each of the QD receivers 1120, or in etteanples the electrical signals may
be routed to centralized electrical circuits for the sepsifhe digital data may be used in
analyzing the sample 1130 based on pre-determinedsvialu®D wavelength absorbance
values.

In Fig. 11C, the QD system is depicted in a manner evtier sample is passed in
front of spectral analysis elements that are spatially locatets may be accomplished for
example in the manners described for the microfluidigpession. In other examples, the
sample 1130 may contain analytes that diffuse insidegion of a biomedical device that
encloses external fluid with material of the biomedical detoderm a pore or cavity into
which the sample may passively flow or diffuse to aalgical region that passes light from
emitters within the biomedical device, outside the biomedieald, and again to detectors
within the biomedical device. Figs. 11B and 11C depichsnovement as the difference
between the locations of the sample 1130 which has nmadeed the analysis region to the
new location 1131. In other examples the QDs may beatidiated to act in a single
multidot location where the excitation means and the sens@&ags are consolidated into
single elements for each function. Some biomedical desigds as ophthalmic devices may
have space limitations for a spectrometer comprising maredthundred quantum-dot
devices, but other biomedical devices may have hundfegisantum-dot devices which
allow for a full spectrographic characterization of ateaontaining mixtures.

The QD analytical system may also function with microfluidiwices to react
samples containing analytes with reagents containing dyes dye molecules may react
with specific analytes. As mentioned previously, amgXa of such a binding may be the
FRET indicators. The dye molecules may have absorptiads in the ultraviolet and
visible spectrum that are significantly strong, which may béseeferred to as having high
extinction coefficients. Therefore, small amounts pédicular analyte may be selectively
bound to molecules that absorb significantly at a specgqliéncy, which may be focused
on by the QD analytical system. The enhanced sigfrthle dye complex may allow for
more precise quantification of analyte concentration.

In some examples, a microfluidic processing systemmma&yan analyte sample with

a reagent comprising a dye that will bind to a target analiie microfluidic processing
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system may mix the two samples together for a period thaldwensure sufficient
complexing between the dye and the analyte. Thereaftsome examples, the microfluidic
processing system may move the mixed liquid sample to aidoga@ntaining a surface that
may bind to any uncomplexed dye molecules. When theoftuidic system then further
moves the sample mixture into an analysis region, thairemg dye molecules will be
correlatable to the concentration of the analyte in the lganmihe mixture may be moved in
front of either quantum-dot emission light sources ontjua-dot absorption filters in the
manners described.

A type of fluorescent dye may be formed by complexjngntum-dots with
guenching molecules. A reagent mixture of quantuts-ddth complexed quenching
molecules may be introduced into a sample containinyt@safor example in a
microfluidic cell, within a biomedical device. The queimghmolecules may contain regions
that may bind to analytes selectively and in so doing $e@grate the quenching molecule
from the quantum-dot. The uncomplexed quantum-dotmoayfluoresce in the presence of
excitation radiation. In some examples, combinations ahtyum-dot filters may be used to
create an ability to detect the presence of enhancesiemat wavelengths characteristic of
the uncomplexed quantum-dot. In other examples, otla@ners of detecting the enhanced
emission of the uncomplexed quantum-dots may be utilizesblution of complexed
guantum-dots may be stored within a microfluidic proicessell of a biomedical device and
may be used to detect the presence of analytes frgaran samples that are introduced into
the biomedical device.

Referring to Fig. 12, an exemplary illustration of theaapt of complexed quantum-
dots acting as a dye is illustrated. A quantum-dot 124Y) comprise an exemplary material
such as indium phosphide / zinc sulfide, copper indiumdrulfzinc sulfide, cadmium
selenide, cadmium sulfide, lead sulfide, lead selenideynmdirsenide, and indium
phosphide as examples. Other examples may compns@aricles of silicon and carbon.
Any material that may form a strained band structureetype characteristic of a quantum-
dot may be used in some examples. The quantum-dotcay be surrounded by a core
shell coating that provides interface from the quantubtalds outside environment. For
some examples, a biocompatible lipid coating which may akbmhie binding of quenching

molecules to the surface of the dot may also be provideed.quenching molecules 1211
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may be bound to the quantum-dot surface and may datilitate electronic energy transfer
from the quantum-dot which may result in a deexitation efgilantum-dot energy without
fluorescent emission. A solution of the quantum-dots beagnixed 1220 with a sample
containing analytes 1221. During the mixing, analytag oomplex 1230 with the
guenching molecules forming an analyte/quenching mtdemmplex 1231. The
complexing of the analyte with the quenching molecule nezpdple 1240 the quenching
molecule from the quantum-dot, resulting in a free an@yenching molecule 1241 and an
uncomplexed quantum-dot. Now, the quantum-dot magxicged by photons at energy
distinct from the inherent fluorescent energy of the guardot and the unquenched
guantum-dot will now fluoresce. The concentration ofahalyte in the sample may be a
function of the fluorescence signal emanating from theienghed quantum-dot. The
microfluidic analysis system may include a light souvdgich may be a quantum-dot light
emitting diode for example or other light sources with gyelistinct from the fluorescence
signal. A detector may be configured to detect all light traverses a spectral analysis
region. Alternatively, quantum-dot absorbance filterstbeplight filters may be used to
selectively pass the energy band of the quantum-dot #oenee signal.

Referring to Fig. 13, an illustration of a flow diagram &malyte analysis in quantum-
dot configured biomedical devices is provided. At €t800, a user may obtain a biomedical
device comprising: a quantum-dot device or reagentaaainple transport mean. The
biomedical device may be capable of obtaining a fluid saimphe the user and pass it into
the path of light emanating from a quantum-dot emissasice or other light source. The
light source may include a quantum-dot light emitting diada set of quenched quantum-
dot filters configured to isolate selected spectral regimnanalysis. Other light sources
such as light emitting diodes and lasers may also be usesbme examples, the biomedical
device may be obtained by an intermediary for the pagpotuse by an end user. At step
1310, the biomedical device may be located in contactavitber’s biological fluid. The
location may include regions proximate to fluid emanatioms fa user such as, in non-
limiting examples, tear fluid, blood, saliva, and waste petsluOr, the location may include
subcutaneous locations and locations within or in contact withsies body cavity and
venous system. At step 1320, the biomedical deviaead to sample the user’s biological

fluid. At step 1330, the biomedical device may engagdibration protocol either in an
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autonomous fashion or under direction of an external dexicommunication signal. The
calibration may test the biomedical device’s sample anadgsison in the absence of an
analyte to allow for a reference control signal thay im@ used in calculations related to an
ultimate sample analysis signal. At step 1340, in some @eanan aliquot of the sample of
user’s biological fluid may be mixed with a reagent conipgis: dye compound. The
mixing may occur by passive diffusion based interactiomjternatively, may be actively
controlled such as with a microfluidic processing systetraaseen described herein. The
dye compound may be an organic dye or, in some exangtpuantum-dot based dye. The
dye may change a spectral characteristic, such ag$flicence emission or spectral
absorbance, when it binds with an analyte in the sanfdlstep 1350, in some examples,
the mixture may subsequently be processed to removaatededye, particularly in
examples where the binding of the dye to the analytse doechange a spectral characteristic
of the dye. The sample may be mixed with a reagentehders unbound dye inert or
alternatively the sample may be passed in contact witHfaceuhat may bind and
immobilize or separate out unbound dye. At step 136Gahmle mixture may be moved
from a reaction region to an analysis region in some ebemmpn other examples, the same
location where reactions occur may be used to perf@peetral analysis. At step 1370, the
sample may be irradiated with a light source. The Bghirce may be from numerous
example types including sources comprising quantumagoksave been described. The
irradiation may proceed through the sample and lightehmrges from the sample may be
detected in a spectral region by a detector system inidhgedical device. The detected
emanation signal may be converted into an electrical lsigmtbmay also be converted into a
digital data value that may also be conveyed as an elecigoal stream. At 1380, in some
examples, the biomedical device may include on boardessing devices and software
algorithms that may allow for a calculation of an estiméte @ncentration of the analyte in
the sample. In other examples, the raw data signatisctdr (calibration) signal without
analyte, and detector signal with analyte may be trareimitithout further signal processing
in the biomedical device. At step 1390 the raw dataatsgmay be communicated, for
example, via wireless communication, to an external transcelm some examples, at step
1390, a calculated estimate of the concentration of agtarmaky also be communicated. In

still further examples, there may be numerous other selasa that may be transmitted in
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addition to the analysis system data, which may includenonaimiting perspective sensor
measurements of the temperature sensed in a regioa biotmedical device.

The QD spectrometer systems may be utilized in severateliff biomedical devices
including: ophthalmic devices, biomedical pills, hygiene pats, patches, and other similar
biomedical products that are on or in proximity to the biadsuch a manner to detect and
analyze analytes. The information obtained from tBespectrometer system may be
utilized for biometric analysis such as real-time readofggucose for diabetics, as a non-
limiting example. The information obtained may be commuait¢o a tertiary device, such

as a smart phone, as disclosed in relationship to Fig. 4.

Methods For Monitoring Bioanalytes

Referring now to Fig. 14, exemplary methsepsthat may be used to monitor
analyte levels of a usevearingthe ophthalmic lens according to aspects of the present
disclosure are illustrated. At step 1401, thresholds vatuggbe programmed into a
software program. According @spect®f the present invention, threshold values may
include, for example, acceptable levels for the concentratiogle€osebiomarkers in
ocular fluid. The use of other biomarkarsedto monitor different conditions such as
depression, higbloodpressure, and the like, are also within the inventive sobpe
aspects of the present disclosure. In additionpteprogrammetévels maybe different
dependingonwhether the ocular fluid sample target is, for examidasfluid or an
interstitial fluid. The program may be stored and execusgagwneor both a processor
forming part of the Media Insert ¢heophthalmic device and an exterior device in
communicatiorwith the processor of the Media Insert. An extedevicemay include a
smart phone device, a PC, a specialized biomed®ate user interface, and the like; and
may be configuredo include executable code useful to monitor propertiescafarfluid
samples. Ocular fluid properties may be measuredni®or more sensors contained in the
ophthalmic deviceSensorsnay includeelectrochemicadensors and/or photometric
sersors. In an exemplary embodiment, the sensor anayssnay relate to a
photometric sensing of glucosencentratiorbased on a QD spectrometry. In another
examplethe sensor may detect the presence of reaction proolaotsa glucose oxidase

interaction with portions of thanalytesensor and the fluidample.
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At step 1405, the ophthalmic device includmgicrofluidic system may be placed
in contact with gortionof the anterior ocular surface of the eye and worn bsealn
some embodiments, the ophthalmic device may be in adban energized contact lens
and the step may be achiewstienthe contact lens is placed on the eye surface. In other
embodments, the biomedical device may be, for exampléhéeform of an intraocular
lens, punctal plug, biomedical pill, or any other similar bedmal device, and stilhclude
aspects of the QD spectrometer system describ#tke present disclosure. Although the
ophthalmic devicés described throughout the specification in singular fotmijli be
understood by one skilled in the art that teyghthalmicdevices (e.g. contact lenses), one
placed on each eymayfunction together to provide functionality aspectsha present
disclosure.

At step 1410, concentration changesmfmarkeranay be monitored using the one
or more sensors. Thaonitoring of the biomarkers may occur at a predetermined
frequency/bandwidth or upon demand through a user inteafad/®ranactivation
sensor in the ophthalmic device. Biomarkeasiinclude those correlated to glucose
levels, depressiomlood pressure and the like. At step 1420, the processtireof
ophthalmic device can record the measupedperty/condion from a sample of ocular
fluid. In some embodimentshe processor of the ophthalmic device may store it and/or
sendit to one or more device(s) mommunicationwith the ophthalmic device. At step
1415, the value recorded candieredand analyzed in the user interface in
communicatiorwith the ophthalmic lens, and/or, at step 1425, the analysisexadng
can take place in the ophthalndevice.

At step 1430, one or both the ophthalmic dewoelthe user interface may alert the
user, and/or a practitioneof the measured concentration. The alert may be progrdmme
to occur when the levels measured are outsidetieeletemined threshold values
programmed, received andfalcuated by the ophthalmic device. In addition in some
embodments, the data and alerts may be analyzed to perfoenranore steps of: a)
change measurement frequeragcordingto the time of the day, b) identify personal
patters inthechanges of concentration levels measures, and c) cllhageeasurement
frequency according to the changesancettrations measured. At step 1435, the time of

the daymaychange the frequency afieasurementsor example, itheophthalmic
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device is one that would remain in the elygingsleep, the number of measurements
during 10 pm andamcan decrease or stop. Similarly, during lunch andetitimesthe
frequency may increase to detect changes due fodtconsumption of the user. At step
1440, patterns in change$ the concentration levels may be identified by ghstem.
Using the identified patterns, the system may alert theaismuses and/or, at step 1445,
change the frequencgccordingto the identified changes so that the system is ralem
during critical identified conditions. Critical conditioeganinclude events that would
trigger a significant increaser decrease in glucose levels. Events can include, for
exampleholiday dates, exercise, location, time of the dmnsumpion of medicaments
and thelike.

In some embodiments, at step 1450, dhiginally programmed values may be
customized, periodically an real time, according to identifiedatterns/conditions. This
ability may allow the system to increase its effectivert®ssliminating false alarms and
increasing sensitivity at@itical condition. Effectiveness can promote user participation
with the system thereby maximizing the benefits ofdpkbthalmicdevice and thereby
providing a safe monitoring systert step 1455, data relating to the user including, for
exampletheidentified patternsmeasurementsnd/or preferencemaybecome part of
the medical history of the user. Medidabktory may be stored securely by encrypting the

dataand/orrestricting itsaccess.

Referring now to Fig. 15, exemplary methspsthat may be used to treat the
glucose levels of a usarearingthe ophthalmic lens according to aspects of the present
disclosure are illustrated. At step 1501, an ophthabheiiceincluding a QD
spectrometer analytical system is placeddntactwith ocular fluid. In some embodiments,
theophthalmicdevice may be in a form of an energized contact ledstastep may be
achieved when the contact lens is placedhmeye surface. In other embodiments, the
ophthalmicdevicemay be, for example, in the form of an intraocular lena punctal
plug, and still include aspects of ti@gD spectrometesystem described in the present
disclosure.

At step 1505, changes in biomarkers in deilarfluid can be monitored. Methods
of monitoring thebiomarkerchanges may include, for example, steps illustrated inlBig.

At step 1510, measured changes can be communicatedltrme to amedicament-
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dispensinglevice in direct oindirect communicatiomwith the ophthalmic device.
Although thechanges in concentration of the monitored biomarikeoular fluid may
include a time delay in relation to the concentration changeéibloodstream of the
user, upordetedtion, at step 1515 thmedicament-dispensirdgvicemayadminister a
medicament capablef loweringor raisingconcentrations to a normal level. For
example, glucoskevelsmay be monitored and treated when they are outsmeraal
level. Continuous monitoring may prevent uncontrollddodsugar levels which may
damage the vessels that supplgodto important organs, like the heart, kidneys, eyes,
andnervesBecause an individual whose glucose levels may resslebthat exposes
him/her to the risks may feel fine, aspectshadpresent disclosure may help take action
upon early detectionf the condition. Early detection may not only bring bamkelsto a
normal condition and/or make the user aware dolgltionally prevent the more dramatic
and permanentonseuences including, for example, a heart attack or stiakeey
failure, and blindness which have been knowmdourwhen abnormal glucose levels

are leftuntreated.

In addition, in some embodiments thedicamenadministering device may send
an alert to the user througfs interface or using component of the ophthalmic devias.
example, in some ophthalmic device embodimentdMiddialnsert may include a light
projection system, such as ooemore LEDs, capable of sending a signal to the user.

Subsequently at step 1520, any further dedgiristering can be suspended to
prevent overdosing of theystemdue to the time delay of the effect of the drug and the
effectto be reflected in the tear fluid. For example, thedicamentnay require 10-30
minutes to counteract the abnormal level, and uporffégstemay take another 20
minutes toequalizeconcentrations in tear fluid. Consequently, programalgdrithms
capable of correlating the condition, time delagdappropriate subsequent dosing of
medicaments can rogammed in the system to function safely. At step 1526a
relating to one or both the measured conditions anthdé@icament administration to the

user may be stored and ussspart of a treatment and/or medical history of tiser.

Specific examples have been described to illustrate saangediments for the

methods and devices related to inclusion of quantum-dospéxtroscopic analysis in
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biomedical devices. These examples are for said illugtratid are not intended to limit the
scope of the claims in any manner. Accordingly, tegcdption is intended to embrace all

examples that may be apparent to those skilled in the art.
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WHAT ISCLAIMED IS:

1. A biomedical device comprising:
an energization element including a first and seconetioollector, a cathode, an
anode, and an electrolyte;

a quantum-dot spectrometer including a quantum-dot light@nméttphotodetector, and a
means of communicating information from the quantumsgettrometer to a user, wherein

the quantum-dot spectrometer is powered by the energizé&orent; and

an insert device, wherein the insert device contains tigization element and the
guantum-dot spectrometer, and wherein the insert devicegsala energization element

from a biomedical environment in which the biomedical degjmerates.

2. The biomedical device of claim 1 further comprising a mitualc pump wherein the
micro-fluidic pump functions to bring a sample of fluid todsor away from the

guantum-dot spectrometer for analysis.

3. The biomedical device of claim 1 wherein the biomedicaladeis an ophthalmic device.

4. The biomedical device of claim 1 wherein the biomedicalodels a contact lens.

5. The biomedical device of claim 1 wherein the biomedicaiadeis an electronic pill.

6. A method of analyzing analytes comprising:
fabricating a quantum-dot light emitter onto a biomedical dgvic
fabricating a photodetector onto the biomedical device;
connecting the quantum-dot emitter and photodetector taegrated circuit
controller within the biomedical device wherein the integta&iecuit
controller is capable of directing a functionality of theugum-dot
emitter and photodetector;

emitting a narrow wavelength band from the quantum-dot égfitter;
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receiving transmitted photons into the photodetector; and

analyzing an absorbance of an analyte based ortarsity of photons
received;

wherein the biomedical device comprises an energizatioreakancluding a
first and second current collector, a cathode, an amodean electrolyte; and

wherein the quantum-dot emitter is powered by the ersigh element.

7. The method of claim 6 further comprising pumping a daropanalytes into a quantum-

dot spectrometer channel before analyzing the analytes.

8. The method of claim 6 wherein the biomedical device is &acbiens.

9. The method of claim 6 wherein the biomedical device is atrel@c pill.

10. A biomedical device comprising:

an energization element;

an external encapsulation boundary, wherein at leastti@p of the boundary
forms a reentrant cavity, wherein a sidewall of the gaallbws light
to pass through in a selected spectral band;

a quantum-dot light emitter installed to emit light througk erde of the
sidewall of the cavity through an intervening space ottwity and
through a distal side of the sidewall of the cavity;

a photodetector installed on the distal side of the cavity witleirexternal
encapsulation boundary;

a radio frequency transceiver; and

an analog-to-digital converter, wherein a signal frompthetodetector is
converted to a digital data value that is transmitted outside the

biomedical device by the radio frequency transceiver.

11.The biomedical device of claim 10 wherein the device sact lens.
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12.The biomedical device of claim 10 wherein the device iglactronic pill.

13.The biomedical device of claim 12 wherein the electronic pitimases a release
mechanism controllable to release medicament basecd agtinal received at the

photodetector.

14.The biomedical device of claim 13 wherein the signal reckat the photodetector is
converted to a digital signal and communicated to an exterceiver, wherein at the
external receiver an algorithm calculates a concentrafian analyte and determines a

time value for release of medicament.

15.The biomedical device of claim 12 wherein the electronic pitimases a release
mechanism controllable to release a quantum-dot dgehitcavity, wherein the dye
reacts with analyte molecules and allows the quantuméigiitter to excite the quantum-

dot dye to emit light.

16. A biomedical device comprising:

an energization element;

an external encapsulation boundary, wherein at leastti@mp of the boundary
comprises an electrically controlled pore operativdltwea fluid
sample to pass into the biomedical device from an extezgain;

a microfluidic processing chip operative to mix the fluid pewith a
reagent comprising an analyte specific dye;

a quantum-dot light emitter installed to emit light througiogion of the
microfluidic processing chip;

a photodetector installed on a distal side of the microfluidicgssing chip
from the quantum-dot light emitter, wherein light emittedsy
guantum-dot light emitter proceeds through a top surfatteeo
microfluidic processing chip, through a sample analygjoreof the
microfluidic processing chip, through a bottom surface of the

microfluidic processing chip and into the photodetector ;
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a radio frequency transceiver; and
an analog-to-digital converter, wherein a signal frompthetodetector is
converted to a digital data value that is transmitted outside the

biomedical device by the radio frequency transceiver.

17.The biomedical device of claim 16 wherein the device sact lens.

18.The biomedical device of claim 16 wherein the device iglactronic pill.

10  19.The biomedical device of claim 18 wherein the electronic pithgrises a release
mechanism controllable to release medicament basea @igtal received at the

photodetector.

20.The biomedical device of claim 18 wherein the electronic pithgrises a release
15 mechanism controllable to release a quantum-dot dgehit microfluidic processing
chip, wherein the dye reacts with analyte molecules andstloe quantum light emitter
to excite the quantum-dot dye to emit light whose intensitpiiselated to a

concentration of the analyte molecules.
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